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,QWURGXFWLRQ
,QWHJUDWHGVDIHW\V\VWHPVZKLFKXVH LQIRUPDWLRQ IURPDFWLYHVDIHW\ V\VWHPV WRDYRLG WKHFROOLVLRQRU
PLWLJDWH WKHFRQVHTXHQFHVE\DGDSWLQJWKHSDUDPHWHUVRISDVVLYHGHYLFHVWR WKHXQDYRLGDEOHHYHQWKDYH
EHHQLQWURGXFHGWRWKHPDUNHWVLQFH6HQVRUVVXFKDVUDGDUOLGDUUHDOWLPHYLGHRSURFHVVLQJV\VWHPV
XOWUDVRXQGRULQIUDUHGDUHLQWURGXFHGIRUFRQWUROOLQJDQGPRQLWRULQJWKHDUHDDURXQGWKHYHKLFOHWRSURYLGH
WKHLQIRUPDWLRQUHTXLUHGIRUVXFKWHFKQRORJ\VHH)LJXUH7KHUHVXOWLQJLQWHOOLJHQWV\VWHPVKDYHJUHDW
SRWHQWLDOWRUHGXFHWKHVHULRXVQHVVRIXQDYRLGDEOHFUDVKHVDVWKH\DOORZV\VWHPVWRSUHSDUHIRUXSFRPLQJ
FUDVKHYHQWV7KHEHQHILWVDUHWRWKHGULYHUDVZHOODVWRWKHHQYLURQPHQWHJYXOQHUDEOHURDGXVHUV7KH
YDOXHZDVFOHDUO\VKRZQLQSURMHFWVOLNH75$&($3526<6H,03$&7DQG6$)(7<7(&+12352
-RLQW5	'HIIRUWVHJ35H9(17&+$0(/(216$9(8KDYHUHVXOWHGLQSUHFUDVKVDIHW\V\VWHPV
WKDWDUHDOUHDG\RQWKHPDUNHWRUFORVHWRPDUNHWLQWURGXFWLRQ

,QSUHYLRXVSURMHFWVWKHGHYHORSPHQWRIWHVWDQGHYDOXDWLRQSURFHGXUHVZDVFRQVLGHUHGWREHPHUHO\D
VHFRQGDU\REMHFWLYH$V D FRQVHTXHQFH QRSURFHGXUHVKDYH VR IDU EHHQGHYHORSHG DQG LPSOHPHQWHG LQ
UHJXODWLRQVRUFRQVXPHU UDWLQJSURJUDPV0RUHRYHUDOO WKH UHVHDUFK LQWR WHVWSURFHGXUHVZDVEDVHGRQ
UHVHDUFK V\VWHPV DQG QRW RQ FRPPHUFLDOO\ DYDLODEOH V\VWHPV %HFDXVH RI WKLV D SURMHFW VSHFLILFDOO\
GHYRWHGWRWKHGHYHORSPHQWRIDVVHVVPHQWSURFHGXUHVZDVUHTXLUHGWRHQDEOHZLGHVSUHDGLQWURGXFWLRQRI
LQWHJUDWHGYHKLFOHVDIHW\V\VWHPVVXFKDVSUHFUDVKVHQVLQJV\VWHPVLQWRWKHYHKLFOHIOHHW

$66(66 LVDFROODERUDWLYHPHGLXPVFDOHSURMHFWXQGHU WKH6HYHQWK)UDPHZRUN WKHPH7UDQVSRUW
3DUWQHUVDUH%XQGHVDQVWDOWIU6WUDHQZHVHQ%$6W5REHUW%RVFK*PE+%RVFK&KDOPHUV8QLYHUVLW\
RI 7HFKQRORJ\ &KDOPHUV 'DLPOHU $* '$, ,',$'$ $XWRPRWLYH 7HFKQRORJ\ 6$ ,',$'$
3HXJHRW &LWURsQ $XWRPRELOHV 6$ 36$ 'XWFK 2UJDQLVDWLRQ IRU 6FLHQWLILF 5HVHDUFK 712 7R\RWD
0RWRU (XURSH 196$ 7R\RWD 7UDQVSRUW 5HVHDUFK /DERUDWRU\ 75/ 75: $XWRPRWLYH 75:
8QLUHVHDUFK%981,7HFKQLVFKH8QLYHUVLWDHW*UD] 78*&HQWUH(XURSpHQG¶(WXGHVGH6pFXULWpHW
G¶$QDO\VH GHV 5LVTXHV &((6$5 DQG 8QLYHUVLW\ RI &RORJQH 8R& 7KH SURMHFW LV FRRUGLQDWHG E\
+XPDQHWLFV(XURSH*PE++80$17KHPDLQJRDORIWKH$66(66SURMHFWLVWRGHYHORSKDUPRQL]HG
DQG VWDQGDUGL]HG DVVHVVPHQW SURFHGXUHV DQG UHODWHG WRROV IRU FRPPHUFLDOO\ DYDLODEOHSUHFUDVK VHQVLQJ
V\VWHPV3URFHGXUHVDUHGHYHORSHGIRU
x 'ULYHUEHKDYLRUHYDOXDWLRQ
x 3UHFUDVKV\VWHPSHUIRUPDQFHHYDOXDWLRQ
x &UDVKSHUIRUPDQFHHYDOXDWLRQ
x 6RFLRHFRQRPLFDVVHVVPHQW


)LJ5HPRWHH[WHULRUVHQVLQJIRUSUHFUDVKDSSOLFDWLRQVWRDYRLGRUPLWLJDWHDFUDVK

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
)LJ6WUXFWXUHRI$66(66SURMHFWGHSLFWHGLQDVFKHPHIRUWKHRYHUDOOV\VWHPDVVHVVPHQWLQFOXGLQJEHKDYLRXUDODVSHFWVSUHFUDVK
SHUIRUPDQFHHYDOXDWLRQFUDVKSHUIRUPDQFHHYDOXDWLRQDQGV\VWHPHIIHFWLYHQHVVDQDO\VLVEDVHGRQWKHRXWFRPHRIWKHV\VWHP
SHUIRUPDQFH
$66(66 LV IRFXVLQJ LWV DFWLYLWLHV RQ V\VWHPV FRPPHUFLDOO\ RIIHUHG WR WKH PDUNHW +RZHYHU WHVW
SURFHGXUHVFRYHULQJDEURDGHU UDQJHRIDFFLGHQWVFHQDULRV WKDWFRXOGEHDVVHVVHGE\ IXWXUHV\VWHPVDUH
FRQVLGHUHGDVZHOO6R IDU VWXGLHVRQ WHVWSURFHGXUHVZHUHEDVHGRQ UHVHDUFKV\VWHPVGHYHORSHG LQ(8
)UDPHZRUN3URJUDPV7KHUHVHDUFKZRUNIRFXVHVRQSXVKLQJWHFKQRORJLHVDVIDUDVSRVVLEOHEXWVDIHW\LQ
LWVHOI LV QRW DGGUHVVHG ZLWK WKH VDPH ULJRXU DV IRU VHULHV V\VWHPV )XUWKHU DSSO\LQJ VDIHW\ DVVHVVPHQW
PHWKRGRORJLHVWRVXFKV\VWHPVOHDGVWRGHILQLQJPRUHLQGHWDLOWKHUHDFWLRQVRIWKHV\VWHPFORVHWRWKHVH
IXQFWLRQDO ERXQGDULHV 7KLV LQFOXGHV IRU H[DPSOH IDOVH WULJJHULQJ LQ FRQQHFWLRQZLWK GULYHU EHKDYLRXU
6\VWHPVFRQVLGHUHGLQ$66(66DUHIRUZDUGIDFLQJFROOLVLRQDYRLGDQFHDQGPLWLJDWLRQV\VWHPVIRUFDUV
7KLVW\SHRIV\VWHPVLVDOVRGHQRWHGDV$GYDQFHG(PHUJHQF\%UDNLQJV\VWHPV

7R UHDOL]H WKHSURMHFW JRDOV D VWUXFWXUHRI ILYH WHFKQLFDOZRUNSDFNDJHV :3ZDVGHILQHG:3GHDOV
ZLWKGHILQLQJ WKH WHVW VFHQDULRV DVZHOO DV GHYHORSLQJ WKH ILQDO RYHUDOO DVVHVVPHQWPHWKRGV:3ZLWK
OHJDODQGVRFLRHFRQRPLFDVSHFWV:3DQGZLWKWKHGHYHORSPHQWRIHYDOXDWLRQPHWKRGVIRUGULYHU
EHKDYLRUSUHFUDVKSHUIRUPDQFHDQGFUDVKSHUIRUPDQFH UHVSHFWLYHO\7KHGLDJUDP LQ)LJ VKRZV WKH
ZRUNSDFNDJHV WKHLURXWSXWDQG LQWHUDFWLRQ ,W LV LPSRUWDQW WRQRWH WKDWGULYHUEHKDYLRUHYDOXDWLRQSUH
FUDVKSHUIRUPDQFH DQG FUDVK SHUIRUPDQFH IHHG HDFKRWKHU VHTXHQWLDOO\ LQ WLPHZLWK UHVSHFW WR UHOHYDQW
SDUDPHWHUVDVLQDUHDODFFLGHQWVLWXDWLRQEXWDOVRKDYHLWVRZQFRQWULEXWLRQWRWKHRYHUDOODVVHVVPHQW

7KH $66(66 SURMHFW VWDUWHG -XO\ VW  DQG ZLOO ODVW XQWLOO HQG  'XULQJ WKLV SHULRG WHVW
VFHQDULRV ZHUH GHILQHG EDVHG RQ UHDO ZRUOG DFFLHQW VXUYH\¶V WKH PHWKRGRORJ\ IRU DGGUHVVLQJ GULYHU
EHKDYLRXUDO DVSHFWV GHILQHG DQG SUHFUDVK V\VWHP SHUIRUPDQFH FUDVK SHUIRUPDQFH DQG HIIHFWLYHQHVV
DQDO\VLV6HH0HWKRGRORJLHV DQGSURFHGXUHVZLOOEHGHYHORSHG IRUGULYHUEHKDYLRXUHYDOXDWLRQ :3
SUHFUDVK V\VWHP SHUIRUPDQFH HYDOXDWLRQ :3 FUDVK SHUIRUPDQFH HYDOXDWLRQ DQG LQWHJUDWHG
SHUIRUPDQFHDVVHVVPHQW :3DQGD VRFLRHFRQRPLFDVVHVVPHQW :3ZLWK WKH LQWHQWLRQ WRKDYHDQ
LQWHJUDWHGHYDOXDWLRQRIWKHV\VWHPVWKDWZLOOLQFOXGHGULYHUSUHFUDVKDQGFUDVKHYDOXDWLRQ
2YHUDOODVVHVVPHQWPHWKRGRORJ\DQGWHVWVFHQDULRV:3
$VGHILQHGE\QRZDSUHFUDVKV\VWHPLVDGULYLQJDVVLVWDQWV\VWHPZKLFKPLJKWEHDEOHWRLQ
VHTXHQWLDORUGHU
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x PRQLWRUWKHHQYLURQPHQWRIWKHYHKLFOH
x DOHUWWKHGULYHULQFDVHRIDSRVVLEOHFROOLVLRQ
x VXSSRUWWKHGULYHULQWKHDYRLGDQFHRIWKHFROOLVLRQ
x DXWRQRPRXVO\DFWXDWHWRDYRLGWKHDFFLGHQW
x LPSURYHWKHSURWHFWLRQRIWKHRFFXSDQWVLIWKHFROOLVLRQKDVQRWEHHQDYRLGHG

1RWDOO WKHVHDFWLRQVQHFHVVDULO\KDYH WREHDGGUHVVHGE\ WKH V\VWHPDQGVRPHV\VWHPVPLJKWFRYHU
VRPHRIWKHPRQO\%XWZKDWJLYHVWKHDVVHVVPHQWRIWKHFRPSOHWHVFHQDULRDKLJKHUOHYHORIFRPSOH[LW\
LVWKDWWKHUHVXOWRIRQHRIWKHDFWLRQVFRXOGFKDQJHWKHFRQGLWLRQVIRUWKHQH[WDFWLRQV,QWKHWLPHIUDPHRI
DQDFFLGHQW:3DQGDUHVHTXHQWLDO7KLVPHDQVWKDWVWDUWLQJIURPDQRUPDOGULYLQJFRQGLWLRQDQG
HQGLQJLQDFUDVK WKHZRUNSDFNDJHVDQDO\]HKRZWKHSUHFUDVKV\VWHPZRXOGFRQWULEXWHLQHDFKRIWKH
SKDVHVEHWZHHQWKHVHWZRH[WUHPHV,IDKD]DUGRFFXUV ILUVW LW LVH[SHFWHGWRUHVXOW LQDGULYHUUHDFWLRQ
ZKLFKFRXOGEH LQIOXHQFHGE\ WKHZDUQLQJRID V\VWHPDQG IXUWKHU VXSSRUWHGDQGRSWLPL]HGE\D ILWWHG
V\VWHP,QFDVHWKLVUHDFWLRQLVQRWSURGXFHGWKHQDQDXWRPDWHGHYDVLYHPDQHXYHUJHQHUDOO\DEUDNLQJ
DFWLRQFRXOGEHWULJJHUHG)LQDOO\GHSHQGLQJRQWKHHIIHFWLYHQHVVRIHLWKHURQHRUERWKRIWKHVHDFWLRQV
WKH FROOLVLRQ PLJKW EH DYRLGHG RU PLWLJDWHG )RU WKH RYHUDOO DVVHVVPHQW GULYHU ZDUQLQJ SUHFUDVK
SHUIRUPDQFHHYDOXDWLRQDQGFUDVKSHUIRUPDQFHHYDOXDWLRQHDFKSURYLGHFRQWULEXWLRQV+HQFHDVVHVVPHQW
LVQRWRQO\EDVHGRQWKHUHVXOWLQJLPSDFWSHUIRUPDQFHEXWRQDFRPELQDWLRQRIWKHSHUIRUPDQFHLQYDULRXV
SKDVHVDVGHSLFWHGLQWKHGLDJUDPLQ)LJ
$VVHVVPHQW FULWHULD IRU WKH SHUIRUPDQFH HYDOXDWLRQ DUH WR EH EDVHG RQ.H\ 3HUIRUPDQFH ,QGLFDWRUV
.3,¶V'XULQJWKHILUVWSHULRG$66(66SDUWQHUVLGHQWLILHGDOLVWRI.3,¶VUHODWHGWRWKHWKUHHSKDVHV)RU
WKH+0,DVVHVVPHQWEUDNH UHDFWLRQ WLPHDIWHU VHQGLQJ WKHZDUQLQJVLJQDOZDV UHJDUGHG WREH WKHPRVW
LPSRUWDQW.3,IROORZHGE\WLPHWRFROOLVLRQDWEUDNLQJ)RUWKHSUHFUDVKDVVHVVPHQWWKHVHDUHFROOLVLRQ
RFFXUUHQFH RU EHWWHU FROOLVLRQ DYRLQGDQFH DQG LQ FDVH WKH FROOLVLRQ LV QRW DYRLGHG LPSDFW VSHHG
UHGXFWLRQ )RU WKHFUDVKSKDVHGXPP\VWDQGDUGGXPP\FULWHULD UHODWHG WRVHOISURWHFWLRQDUHDVVXPHG
OLNH+HDG,QMXU\&ULWHULRQ+,&IRUWKHKHDG$VWKHSUHFUDVKV\VWHPZLOOFKDQJHWKHFUDVKVFHQDULRDOVR
FULWHULDUHODWHGWRWKHFUDVKRSSRQHQWDUHEHLQJFRQVLGHUHG7KHVHLQFOXGHRSSRQHQWLQMXU\ULVNDVIXQFWLRQ
RI LPSDFW VSHHG7KH LGHQWLILHG.3,¶VZLOO EH HYDOXDWHGGXULQJ WKH VHFRQGKDOI RI WKH$66(66SURMHFW
XVLQJWHVWGDWDIURP:3±:3
,Q DGGLWLRQ WR WKH RYHUDOOPHWKRGRORJ\ DQG.3,¶V ZRUNSDFNDJH  GHOLYHUHG WHVW VFHQDULRV IRU SUH
FUDVK V\VWHPSHUIRUPDQFH HYDOXDWLRQ )LUVWO\ WKH DLPZDV WR UDQN DFFLGHQW VFHQDULRV DJJUHJDWHG RQ D
JHQHUDO OHYHO IRU WKH HQWLUH DFFLGHQW SRSXODWLRQ 0F&DUWK\ HWDO 7KHSULQFLSOH RI WKLV DFFLGHQW
DQDO\VLVZDVWKDWLWFRQVLGHUHGWKHDFFLGHQWVDQGFDVXDOWLHVLQGHSHQGHQWRIWKHVDIHW\V\VWHP±VRWKHUHDO
ZRUOGDFFLGHQWSUREOHP7KLVZDVWRHQVXUHWKDWWKHSURFHGXUHVGHYHORSHGIRU$66(66DUHIRFXVVHGRQ
WKH SULRULW\ FDVXDOW\ SUREOHPV V\VWHP YDOLGDWLRQ QRW VLPSO\ WR GHYHORS DVVHVVPHQWPHWKRGRORJLHV WR
GHPRQVWUDWHWKHV\VWHPHIIHFWLYHQHVVLQGHVLJQFRQGLWLRQVV\VWHPYHULILFDWLRQ7KHDQDO\VLVDVVXPHGWKH
IROORZLQJZHLJKWLQJRILQMXU\OHYHOVVOLJKWO\LQMXUHGURDGXVHUV[QXPEHURIVHULRXVO\LQMXUHG
URDG XVHUV [   QXPEHU RI IDWDOLWLHV [ 7KH UHVXOW RI WKLV DQDO\VLV LV GHSLFWHG LQȈĳȐȜȝĮ ȉȠ
ĮȡȤİȓȠ ʌȡȠȑȜİȣıȘȢ ĲȘȢ ĮȞĮĳȠȡȐȢ įİȞ ȕȡȑșȘțİ ZKLFK KLJKOLJKWV WKH LPSRUWDQFH RI ORQJLWXGLQDO
VFHQDULRV 7KH FRUUHVSRQGLQJ GHWDLOHG VSHFLILFDWLRQV IRU WKH WHVW VFHQDULRV ZHUH SHUIRUPHG E\ GHWDLOHG
DQDO\VLV XVLQJ *HUPDQ *,'$6 *HUPDQ ,Q'HSWK $FFLGHQW 6WXG\ DQG 8. 276 2Q 7KH 6SRW
GDWDEDVHV

$Q H[DPSOH RI WKLV DQDO\VLV LV GHSLFWHG LQ ȈĳȐȜȝĮ ȉȠ ĮȡȤİȓȠ ʌȡȠȑȜİȣıȘȢ ĲȘȢ ĮȞĮĳȠȡȐȢ įİȞ
ȕȡȑșȘțİ VKRZLQJWKWKDQGWKSHUFHQWLOHYDOXHV IRU WKHGULYLQJVSHHG LQ UHDUHQGFUDVKVFHQDULRV
ZLWKVWDWLRQDU\WDUJHWYHKLFOH:LVFKHWDO'XULQJWKHILUVWSKDVHRIWKHSURMHFWLWZDVGHFLGHGWR
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IRFXV RQ UHDUHQG VFHQDULRVZKLFK LV VKRZHG LQȈĳȐȜȝĮ ȉȠ ĮȡȤİȓȠ ʌȡȠȑȜİȣıȘȢ ĲȘȢ ĮȞĮĳȠȡȐȢ įİȞ
ȕȡȑșȘțİ


)LJ5DQNLQJRIJHQHUDODFFLGHQWVFHQDULRVEDVHGRQQDWLRQDODFFLGHQWGDWDUHSUHVHQWVWKHPRVWVHYHUVFHQDULRLQWHUPVRI
JUHDWHVWLQMXU\RXWFRPHPHDVXUHGE\DFRPELQDWLRQRIFDVXDOW\VHYHULW\DQGFDVXDOW\IUHTXHQF\)LJXUHEDVHGRQ7DEOH:LVFK
HWDO


)LJ'ULYLQJVSHHGVSHUFHQWLOHVIRUVXEMHFWYHKLFOH69LPSDFWLQJVWDWLRQDU\WDUJHW79REWDLQHGIURP*,'$6OHIWDQG276
ULJKWGDWDEDVHV:LVFKHWDO

$ 6ORZHU OHDG YHKLFOH
7KHOHDGYHKLFOH79LVPRYLQJDWFRQVWDQWVORZHU
VSHHGWKDQWKHVXEMHFWYHKLFOHVSHHGVLQNPK
$$6979 ² QRRIIVHW$%6979 ² RIIVHW$&6979 ² QRRIIVHW
$ 'HFHOHUDWLQJ OHDG YHKLFOH
7KHOHDGYHKLFOH79LVGHFHOHUDWLQJXQWLOVWRSSHG
VSHHGVLQNPK
$$6979 ² 79QRUPDOGULYLQJ$%6979 ² 79HPHUJHQF\EUDNLQJ$&6979 ² 79QRUPDOGULYLQJ$'6979 ² 79HPHUJHQF\EUDNLQJ
$ 6WRSSHG OHDG YHKLFOH
7KHOHDGYHKLFOH79LVVWRSSHGVSHHGVLQNPK
$$6979 ² QRRIIVHW$%6979 ² RIIVHW$&6979 ² QRRIIVHW
$OOVFHQDULRV[QRVORZDQGIDVWGULYHUUHDFWLRQV 
)LJ5HDUHQGWHVWVFHQDULRVGHILQHGLQ$66(66

1637 Paul Lemmen et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1632 – 1641 
'ULYHUEHKDYLRXUDODVSHFWV:3
7KHVSHFLILFREMHFWLYHRI$66(66:3 LV WKHGHYHORSPHQWDQGHYDOXDWLRQRID WHVW DQGDVVHVVPHQW
PHWKRGRORJ\WRTXDQWLI\DQGTXDOLI\WKHLQWHUDFWLRQRIWKHGULYHUZLWK,QWHJUDWHG9HKLFOH6DIHW\6\VWHPV
LQWKHFRQWH[WRIWKHRYHUDOOV\VWHPDVVHVVPHQW2QWKHEDVLVRIWKHDFFLGHQWRORJ\WHVWVFHQDULRVIRUWKH
+0,HYDOXDWLRQRI,966ZHUHGHILQHGDQGLPSOHPHQWHGLQWHVWHQYLURQPHQWVVXFKDVGULYLQJVLPXODWRUV
DQGWHVWWUDFNVLQRUGHUWRSHUIRUPH[SHULPHQWDOVWXGLHVZLWKYROXQWHHUGULYHUV7KHUHDFWLRQRIVXEMHFWVWR
WKH+0,VSHFLILFDWLRQHJDFRXVWLF IRUZDUGFROOLVLRQZDUQLQJVZDVPHDVXUHGZLWK WKHDLGRI WKH.H\
3HUIRUPDQFH,QGLFDWRUV.3,VEUDNHUHDFWLRQWLPHDQGWLPHWRFROOLVLRQDWEUDNLQJ,QRUGHUWRFDUU\RXW
WKHH[SHULPHQWDOVWXGLHVLQGULYLQJVLPXODWRUV'PRYLQJEDVHGDQGWHVWVWUDFNVZLWKUHDOYHKLFOHVDQG
VXEMHFWVDFRPPRQDQGKDUPRQL]HGWHVWGHVLJQLQFOXGLQJDFRPSOHWHVWRU\ERRNZDVGHYHORSHG>UHI@

,QWKHVWXG\WKHIROORZLQJDVSHFWVZHUHLQYHVWLJDWHGDQGKDYHEHHQWDNHQDVDILUVWDSSURDFKWRZDUGV
DVVHVVPHQWFULWHULD
x 6\VWHPSHUIRUPDQFHGULYHULQWKHORRSIRUIXOOV\VWHPSHUIRUPDQFH
x 3RVVLEOHDGYHUVHHIIHFWVRQWKHWDVNRIGULYLQJGXHWRDIDOVHV\VWHPWULJJHU
:LWK UHVSHFW WR WKH DVVHVVPHQW RI WKH V\VWHPSHUIRUPDQFHFULWLFDO GULYLQJ VLWXDWLRQV NQRZQDV758(
PDQHXYHUVPXVWEHLPSOHPHQWHGLQWKHVWRU\ERRN7RDQDO\]HWKHEHQHILWRIWKH+0,LQVXFKVLWXDWLRQV
WKH :3 DSSURDFK SURSRVHV FRPSDULQJ 758( PDQHXYHUV ZLWK V\VWHP SHUIRUPDQFH 758(ZLWK WR
758(PDQHXYHUV ZLWKRXW V\VWHP SHUIRUPDQFH 758(ZLWKRXW %DVHG RQ WKH DFFLGHQWRORJ\ ³EUDNLQJ
OHDGLQJ YHKLFOH´ DQG ³FXW LQ´ PDQHXYHUV DUH VXJJHVWHG DV 758(PDQHXYHUV )RU WKH DVVHVVPHQW RI D
SRVVLEOH DGYHUVH HIIHFW GXH WR IDOVH +0, DFWLYDWLRQ )$/6( WKH VWRU\ ERRN SURSRVHV WR HVWDEOLVK D
UHODWLYH FRPSDULVRQ \DUGVWLFN IRU WKH )$/6(PDQHXYHUZLWK D ³UHIHUHQFH HYHQW³ZKLFK LV LQWHQGHG WR
UHSUHVHQWDFRPPRQO\RFFXUULQJGLVWXUEDQFHLQFLGHQW5()(5(1&(±VXFKDV³VWRQHFKLSSLQJ´±GXULQJ
GULYLQJ VLWXDWLRQV 7KXV WKH H[SHULPHQWDO GHVLJQ FRQWDLQV IRXU PDQHXYHUV 758(ZLWK 758(ZLWKRXW
)$/6( DQG 5()(5(1&( SHU WHVW UXQ DQG VXEMHFW 7R DFFRXQW IRU WKH H[SHFWDWLRQ HIIHFWV RI WKH
PDQHXYHUV WKH VHTXHQFH RI WKH PDQHXYHUV LV SHUPXWHG ZLWKLQ WKH H[SHULPHQWDO GHVLJQ 7DEOH 
6XPPDUL]HVWKHIRXUSHUPXWDWLRQVSURSRVHGE\WKHVWRU\ERRN
7DEOH6FHQDULRSHUPXWDWLRQV
6HTXHQFH 0DQHXYHU 0DQHXYHU 0DQHXYHU 0DQHXYHU
$
$
%
%
758(ZLWK
758(ZLWK
758(ZLWKRXW
758(ZLWKRXW
)$/6(
5()(5(1&(
)$/6(
5()(5(1&(
5()(5(1&(
)$/6(
5()(5(1&(
)$/6(
758(ZLWKRXW
758(ZLWKRXW
758(ZLWK
758(ZLWK

$VHFRQGDU\ WDVN LV LPSOHPHQWHG LQ WKH758(VFHQDULRV7KLVVHFRQGDU\ WDVN LV LQWHQGHG WRFDSWXUH
WKHDWWHQWLRQRIWKHGULYHULQWKHHYHQWRIWKH758(PDQHXYHUDQGWRILQDOO\DOORZDQHYDOXDWLRQRIWKH
HIIHFWRIDZDUQLQJRUFRPSDUDEOHV\VWHPIXQFWLRQLQFRPSDULVRQZLWKD758(ZLWKRXWVFHQDULRZKHUH
QRZDUQLQJRU IXQFWLRQ LV WULJJHUHG7KHVHFRQGDU\ WDVN LV LQWHQGHG WR LQGXFHDYLVXDO WLPHRII URDGRI
PRUHWKDQRQHVHFRQG7KHUHIRUHDQDUWLILFLDOPRELOHSKRQHZLWKDVPDOOGLVSOD\LVLPSOHPHQWHGRQWKH
FHQWHU FRQVROH 7KH WDVN RI WKH VXEMHFW LV WR UHDG WKH QXPEHU RI DQ LQFRPLQJ SKRQH FDOO DORXG 7KLV
VHFRQGDU\WDVNLVWREHH[HFXWHGVHYHUDOWLPHVGXULQJQRUPDOGULYLQJDQGZLWKLQWKH758(PDQHXYHUV

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7RHYDOXDWHWKHTXDOLW\RIWKHGULYHUUHDFWLRQDQGWKXVWKHEHQHILWRIWKHV\VWHPSHUIRUPDQFHGXULQJWKH
758(PDQHXYHUVWKH³%UDNH5HDFWLRQ7LPH´%57DQGWKH³7LPH7R&ROOLVLRQ´77&DUHVHOHFWHGDV
.3,V



)LJ7R\RWDVLPXODWRUDQGWHVWUHVXOWVLQWHUPVRI%UDNH5HDFWLRQ7LPH%57
,Q JHQHUDO WKH WUDQVIHU RI WKH H[SHULPHQWDO GHVLJQ OHG WRPHDQLQJIXO UHVXOWV 7KH HIIHFW RI IRUZDUG
FROOLVLRQZDUQLQJ V\VWHPVRQGULYHU EHKDYLRU FRXOGEH HYDOXDWHG WKURXJK WKHJDWKHULQJ DQG DQDO\VLV RI
VXEMHFWLYH DQG REMHFWLYH GDWD 2Q WKH RWKHU KDQG DOVR VRPH OLPLWDWLRQV DQG RSHQ LVVXHV IRU IXUWKHU
LPSURYHPHQWV ZHUH IRXQG 0HDVXUHV ZLOO FRQFHUQ LQ SDUWLFXODU WKH VHFRQGDU\ WDVN DYRLGDQFH RI
H[SHFWDQF\HIIHFWVDQGWKHRSWLPL]HGDGDSWLRQWRWKHWHVWWUDFNHQYLURQPHQW7RFRPSLOHDGUDIWSURWRFRO
IRUWKHDVVHVVPHQWRIEHKDYLRUDODVSHFWVDVDILQDOJRDORI:3WKHVWRU\ERRNZLOOEHDFFRUGLQJO\UHYLVHG
ZLWKLQ:3DQGLQDJUHHPHQWZLWKWKHFRQFHUQHG:3VRIWKH$66(66SURMHFW
3UHFUDVKWHVWVHWXSDQGWHVWWDUJHWV:3
%DVHG RQ D FRQFHSW SURSRVHG E\ 'DLPOHU +XPDQHWLFV GHYLVHG D IXOO VL]H ' WDUJHW FRQVLVWLQJ RI
YHQWHGER[HVIRUIURQWUHDUDQGVLGHSDUWVRIWKHYHKLFOH7KHVRIWER[HVIRUPDQDLUFXVKLRQEHWZHHQWKH
LPSDFWLQJ WHVW YHKLFOH DQG DQ LQQHU VSDFH LQZKLFKDSURSXOVLRQ V\VWHP OLNH WKHJRFDUW IURP%$6WRU
PRXQWLQJV WRDQH[WHUQDOSURSXOVLRQ V\VWHPFDQEH LQFOXGHG%\DGGLQJYHQW KROHV VXIILFLHQWHQHUJ\ LV
GLVVLSDWHG IRU LPSDFWV XS WR  NPK )LJ  GHSLFWV WKH WHVW WDUJHW LQ WKH VHWXS DSSOLHG E\ ,',$'$
PRXQWHGDWDFUDQHRQWKHVRFDOOHGUDEELWYHKLFOHDQGE\%$6WJRFDUW)LJVKRZVSLFWXUHVRIDQ
LPSDFWWHVWDWNPK'HWDLOHGUDGDUFURVVVHFWLRQPHDVXUHPHQWVRIWKHWHVWWDUJHWDQGUHIHUHQFHYHKLFOHV
ZHUHGRQHE\712WRGHILQHVSHFLILFDWLRQVIRUYLVLELOLW\E\ WKHUDGDUVHQVRUV5DGDU UHIOHFWLYHPDWHULDO
ZDV DSSOLHG DW WKH LQQHU VLGH RI WKH ER[HV WR SURYLGH UHDOLVWLF LPDJHV )RU FDPHUD VHQVRUV GHWDLOV OLNH
OLJKWVDQGOLFHQVHSODWHVZHUHDGGHG

,QDILUVWWHVWLQJSKDVHWKHWDUJHWZDVXVHGWRUXQDVHTXHQFHRIUHDUHQGVFHQDULRVDWWKHWHVWWUDFNVRI
%$6WDQG,',$'$5HOHYDQWUHDUHQGVFHQDULRVZHUHUDQXVLQJWZRGLIIHUHQWWHVWYHKLFOHVZLWK$GYDQFHG
(PPHUJHQF\%UDNHV\VWHPVRQERDUG7KHWHVWWDUJHWZDVFDUULHGE\DUDEELWYHKLFOH,',$'$DQGJR
NDUWYHKLFOH%$6WUHVSHFWLYHO\5HVXOWVRIWKHWHVWVZLWKWKH%$6WJRNDUWDUHGHVFULEHGLQ6HLQLJHUHW
DO7KHVHWXSLQFOXGHVDEDVLFGULYHUPRGHODVVXPLQJUHDFWLRQWLPHVWRZDUQLQJVDVHVWDEOLVKHGLQ
:3 7KH ILUVW WHVW VHTXHQFH UHYHDOHG YDULRXV XSGDWHV IRU WKH WHVW WDUJHW DQG WKH SURSXOVLRQ V\VWHPV
ZKLFKZHUHLQVWDOOHGIURPHDUO\RQ7HVWVHTXHQFHVDW%$6W,',$'$DQG712ZLWKWKHXSGDWHG
IDFLOLWLHVDUHFXUUHQWO\LQSURJUHVV

,QRUGHU WRHQVXUH WKHVWDWLVWLFDOYDOXHRI WKHH[SHULPHQWDO UHVXOWVDKRPRJHQHRXV VDPSOHRI WHVW
VXEMHFWV LV GHILQHG IRU WKH VFHQDULR VHWV VWDUWLQJZLWK758(ZLWK $$ DQG WKH VDPH VDPSOH VL]H LV
GHILQHGIRUWKHVFHQDULRVHWVVWDUWLQJZLWK758(ZLWKRXW%%,QSULQFLSOHWKHLQWHQWLRQLVWRIROORZ











V V V V V V V V V
7LPHSULRUWRFROOLVLRQLIQRGULYHUUHDFWLRQ
758(ZLWK$$
758(ZLWKRXW%%
:2ZDUQLQJ
$YHUDJHVHFDIWHU/9EUDNHV
9DULDQFH
:,7+ZDUQLQJ
$YHUDJHVHFDIWHU/9EUDNHV
9DULDQFH
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WKHGHVFULEHGVWRU\ERRNRQDOOWHVWIDFLOLWLHVVLPXODWRUDQGWUDFN7KHH[SHULPHQWDOGHVLJQDQGILUVWWHVW
UHVXOWVRIWKHGULYHUEHKDYLRXUDOVWXGLHVDUHGHVFULEHGE\8QVHOWHWDO
 
)LJ7HVWWDUJHWDWWDFKHGWRWKH,',$'$UDEELWYHKLFOHOHIWDQGWKH%$6WJRFDUWULJKWUHDUHQGSDUWRQO\
  
)LJ,PSDFWWHVWDWNPKVKRZLQJYHQWHGER[SULQFLSOHRIWHVWWDUJHW

)LJ&RUUHODWLRQRI'$66(66WHVWWDUJHWUDGDUFURVVVHFWLRQZLKFRUULGRUVHVWDEOLVKHGIURPPLGVL]HGSDVVHQJHUFDUV)RUUHDU
HQGVRQO\GHJUHHVYDOXHVDUHRILQWHUHVW
2WKHUDFWLYLWLHVLQ$66(66
7KHSUHYLRXVSDUDJUDSKVSURYLGHDVKRUWRYHUYLHZRIVRPHRIWKHNH\DFWLYLWLHVLQWKH$66(66SURMHFW
ZKLFKKDYHDOUHDG\EHHQUHSRUWHG,QDGGLWLRQHIIRUWVLQWRHVWLPDWLRQRIWKHVRFLRHFRQRPLFEHQHILWZHUH
VWDUWHG7KLVLQFOXGHGWKHGHILQLWLRQRIDQRYHUDOOPHWKRGRORJ\EDVHGRQWKHRXWFRPHRISUHYLRXVSURMHFWV
OLNH6(,66DQGH,03$&70DLQGLIIHUHQFHZLWKUHVSHFWWRSUHYLRXVSURMHFWVLVWKHIDFWWKDWDWHVWEDVHG
SRWHQWLDOZLOOEHJHQHUDWHGPHDQLQJ WKDW WHVW UHVXOWVRI:3 WKURXJK:3ZLOOEHXVHGDV LQSXW WR WKH
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FROOLVLRQ DYRLGDQFH DQG PLWLJDWLRQ SRWHQWLDO UDWKHU WKDQ WKHRUHWLFDO QXPEHUV 7KH VFKHPH IRU EHQHILW
HVWLPDWLQLVVKRZQLQ)LJ/XGHFNHHWDO'DWDQHHGHGIRUVRFLRHFRQRPLFDVVHVVPHQWOLNHWKH
IRUHFDVWRI IDWDOLW\ ILJXUHV IRU WKHDVVHVVPHQWSHULRGDQGD IRUHFDVWRQ WKHSDVVHQJHUFDU IOHHWEDVHGRQ
3URJ7UDQVGDWDDUHSURYLGHGLQ/XGHFNHHWDO,QUHVXOWVRIGULYHUSHUIRUPDQFHHYDOXDWLRQV
SUHFUDVKHYDOXDWLRQVDQGFUDVKHYDOXDWLRQVZLOOEHXVHGWRSURYLGHEHQHILWHVWLPDWLRQVRIWKH$GYDQFHG
(PPHUJHQF\%UDNHV\VWHPVFRQVLGHUHGLQ$66(66
,Q:3DFWLYLWLHVRQWKHFUDVKSHUIRUPDQFHHYDOXDWLRQVZHUHLQLWLDWHGGHILQLQJDQDSSURDFKEDVHGRQ
VOHGWHVWLQJDQGQXPHULFDOVLPXODWLRQVWRHVWDEOLVKLQSXWRQWKHLQMXU\ULVNUHGXFWLRQXQGHUUHGXFHGLPSDFW
VSHHG IROORZLQJ IURP DOHUWLQJ WKH GULYHU RU DXWRQRPRXV YHKLFOH EUDNLQJ 7KH FKDQJH LQ WKH DFFLGHQW
VFHQDULRUHTXLUHVVWXG\LQJDQXPEHURIDVSHFWVRQWKHLQLWLDOFRQGLWLRQVIRUWKHFUDVKSKDVH7KLVLQFOXGHV
IRUH[DPSOH

2FFXSDQWFRQGLWLRQLQJDFWLRQV
3UHFUDVKV\VWHPVRIWHQLQFOXGHSUHWHQVLRQHUVZKLFKDUHDFWLYDWHGGXULQJWKHEUDNLQJSKDVHWRUHGXFH
IRUZDUGPRWLRQRIWKHRFFXSDQW,Q$66(66GULYHWHVWVZLWKYROXQWHHUVDQGVLPXODWLRQVZLWKKXPDQDQG
GXPP\PRGHOVDUHEHLQJGRQHWRDQDO\]HWKHHIIHFWWKLVHDUOLHUDFWLYDWLRQRIWKHUHVWUDLQWV\VWHP
$QDO\VLVRIGXPP\VHQVLWLYLW\
&UDVKWHVWGXPPLHVDUHWRROVZKLFKSHUIRUPSURSHUO\IRUWKHW\SLFDODFWLYLWLHVLQVHFRQGDU\VDIHW\:RUN
SDFNDJHSURSRVHVDPHWKRGRORJ\IRUFRPSDULQJDUHIHUHQFHWHVWDJDLQVWDWHVWDWDUHGXFHGVSHHG

7KHVOHGWHVWLQJDQGQXPHULFDOVLPXODWLRQVZLOOEHFRQGXFWHGGXULQJWKHVHFRQGKDOIRIDQGILUVWKDOI
RI


)LJ3URSRVHG$66(66VRFLRHFRQRPLFDVVHVVPHQWPHWKRGVKRZLQJZRUNSDFNDJHLQIRUPDWLRQLQWHUDFWLRQVSXUSOH :3
RUDQJH :3:3:3EOXH :3
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&RQFOXVLRQV
$66(66LVDFROODERUDWLYHPHGLXPVFDOHSURMHFWXQGHU WKH6HYHQWK)UDPHZRUN7KHPH7UDQVSRUW
7KHPDLQJRDORIWKH$66(66SURMHFWLVWRGHYHORSKDUPRQL]HGDQGVWDQGDUGL]HGDVVHVVPHQWSURFHGXUHV
DQG UHODWHG WRROV IRU SUHFUDVK VHQVLQJ V\VWHPV 7KH SURMHFW VWDUWHG -XO\ VW  DQGZLOO ODVW IRU 
PRQWKV

'XULQJ WKH ILUVW SHULRG DQ RYHUDOOPHWKRGRORJ\ DVVHPEOLQJ WKH YDULRXV DVSHFWV RI SUHFUDVK V\VWHPV
ZDV GHILQHG 7KH SURSRVHG DSSURDFK DVVXPHV D FRPELQHG DVVHVVPHQW RI GULYHU ZDUQLQJ DXWRQRPRXV
EUDNLQJDQGFUDVKSHUIRUPDQFH.H\SHUIRUPDQFH LQGLFDWRUV IRUXVDJH LQ WKHDVVHVVPHQWZHUH LGHQWLILHG
IRUHDFKRIWKHVHSKDVHV2QWKHEDVLVRIWKLVPHWKRGRORJ\WHVWPHWKRGVIRUGULYHUEHKDYLRUHYDOXDWLRQLQ
SDUWLFXODUUHDFWLRQVWRZDUQLQJSUHFUDVKV\VWHPSHUIRUPDQFHHYDOXDWLRQFUDVKSHUIRUPDQFHHYDOXDWLRQ
DQGVRFLRHFRQRPLFDVVHVVPHQWDUHEHLQJGHYHORSHG

)XUWKHULQIRUPDWLRQDVZHOODVSURMHFWGHOLYHUDEOHVFDQEHIRXQGXQGHUZZZDVVHVVSURMHFWHX
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH (XURSHDQ &RPPLVVLRQ IRU FRPPLVVLRQLQJ DQG IXQGLQJ WKLV
UHVHDUFK
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